The objective of this strudy was to investigate the potential associations between oxygen radical absorbance capacity (ORAC) of fruits, vegetables, legumes and nuts, and blood pressure in type 2 diabetic patients in Tehran. In a cross-sectional study of 506 type 2 diabetic patients, aged 28-75 years, usual dietary intakes were assessed by means of a 168-item food-frequency questionnaire. To calculate the estimated hydrophilic-ORAC, total ORAC, and total phenolics (TP) of fruits, vegetables, legumes and nuts for each participant, we used the United States Department of Agriculture Database for ORAC. We examined the associations between total ORAC and TP scores, and hypertension using logistic regression. After adjustment for potential confounders, a higher total ORAC score was associated with lower risk of hypertension. The odds ratios (ORs) of systolic blood pressure (SBP) 4140 mm Hg across increasing quartiles of the total ORAC score were 1.0, 0.71, 0.38 and 0.56 (P for trend ¼ 0.016). The ORs of diastolic blood pressure (DBP) 490 mm Hg across increasing quartiles of the total ORAC score were 1.0, 0.59, 0.47 and 0.35 (P for trend ¼ 0.008). Further adjustment for energy, protein and sodium intakes slightly strengthened these associations. Multivariate ORs of elevated SBP across quartiles of TP score were 1.0, 0.83, 0.41 and 0.63 (P for trend ¼ 0.027), and for elevated DBP were 1.0, 0.50, 0.40 and 0.38 (P for trend ¼ 0.006). Further adjustment for energy, protein and sodium intakes did not change the results materially. Our findings suggest that total antioxidant capacity of the dietary intake was negatively associated with hypertension in type 2 diabetic patients. (2013) 27, 164-168; doi:10.1038/jhh.2012.19; published online 14 June 2012 Keywords: type 2 diabetic patients; antioxidant; ORAC; blood pressure INTRODUCTION Hypertension reigns as a key risk factor for microvascular and macrovascular diseases in diabetes, and its management is the most critical aspect of the care in the diabetic patients.
INTRODUCTION
Hypertension reigns as a key risk factor for microvascular and macrovascular diseases in diabetes, and its management is the most critical aspect of the care in the diabetic patients. 1 Although a large number of genetic and environmental factors have a key role in the prevention and control of hypertension, oxidative stress, which results in an excessive reactive oxygen species, has been related as a pivotal key to its pathogenesis. 2 Many epidemiological studies 3, 4 have demonstrated an inverse association between a diet rich in fruit and vegetables, and the occurrence of hypertension. Furthermore, the impressive blood pressure lowering effects of diet high in fruits, vegetables, whole grains, and nuts have been shown in randomized intervention studies in both hypertensive and normotensive subjects. [5] [6] [7] [8] The dietary components in these studies contain high concentrations of multiple antioxidants, such as polyphenols, carotenoids, tocopherols, tocotrienols, glutathione, ascorbic acid and enzymes, which may be one of the factors behind the protective mechanisms. 9, 10 Because of unknown antioxidant components in food and the synergism between substances, 11 total antioxidant capacity, which is the cumulative capacity of food components to scavenge free radicals, would be useful for epidemiological purposes. 12 Various methods are available for measuring the total antioxidant capacity of food and beverages; [13] [14] [15] the oxygen radical absorbance capacity (ORAC) assay is one of the most widely used and considered by some to be a preferable method because of its biological relevance to the in vivo antioxidant efficacy. 16 Therefore, the aim of this study was to evaluate the potential associations between the ORAC of fruits, vegetables, legumes and nuts, and blood pressure in type 2 diabetic patients.
PATIENTS AND METHODS

Study population
A cross-sectional study was conducted on 544 type 2 diabetic patients (249 males and 295 females), 28-75 years old and having diabetes for at least 1 year. The patients were recruited from diabetes clinics of the Charity Foundation for Special Diseases, Institute of Endocrinology and Metabolism, and the Iran Diabetes Association. Data on medical history, smoking addiction and medication were obtained from careful personal interview. All subjects had to meet the following criteria to be included in the study: not taking insulin, not altering medication regimen or dietary intake during 3 months before the study, and having normal hepatic tests. We excluded patients who reported a total daily energy intake outside the range of 800-4200 kcal (n=9). We also excluded patients (n ¼ 29) who had missing data in blood pressure and confounding variables. After these exclusions, a total of 506 type 2 diabetic patients remained.
Written informed consent was obtained from all participants. The research protocol was approved by the Ethics Committee of National Nutrition and Food Technology Research Institute.
the Iranian meal patterns, and was designed to obtain information on usual food intake during the previous year. The reported frequency for each food item was then converted to a daily intake. Information on frequency of intake and portion size was converted to the amount of each food item in grams consumed on average per day. To determine the total protein, animal protein, carbohydrate, fiber, sodium and the energy compositions of Iranian foods, we used Nutritionist-4 software modified by the Iranian food composition. To calculate estimated hydrophilic-ORAC, total ORAC and total phenolics (TP) of fruits, vegetables, legumes and nuts for each participant, we used the United States Department of Agriculture (USDA) Database for ORAC, Release 2. Hydrophilic ORAC and total ORAC were reported in micromole of Trolox equivalents (mmolTE), whereas TP was reported in milligram gallic acid equivalents (mgGAE). 16 Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively. Body mass index was calculated as weight per height 2 (kg m À 2 ). Data on physical activity were obtained using modified International Physical Activity Questionnaire, and expressed as metabolic equivalent hour per day (METs À h per day).
Assessment of blood pressure
The systolic and diastolic blood pressure (SBP and DBP; 5 min seated rest, mean of two readings) were recorded by the PowerLab system.
Assessment of glycemic control
After 12-14 h overnight fasting, between 0800 and 1000 AM, and before taking any oral hypoglycemic agent(s), 20 ml blood samples were collected from each subject. Aliquots of serum and red pack cells were transferred to polystyrene tubes, which were immediately stored at À 70 1C until analysis.
Fasting serum glucose concentration was measured by a glucose oxidize method. Serum fructoseamine concentration was determined by a commercial kit (Diazyme Laboratories, San Diego, CA, USA). HbA 1 c was measured by chromatography method using a commercial kit (GLOBE DIAGNOSTICS Srl, Rome, Italy). Serum insulin was determined by enzymelinked immunosorbent assay method using a commercial kit (Mercodia AB, Uppsala, Sweden). Insulin resistance was estimated using the homeostasis model assessment score.
Statistical analysis
All analysis used SPSS 17 (SPSS, Chicago, IL, USA). The data were expressed as mean±s.d. or percentages. We divided ORAC scores into quartile. Variables were compared across quartile categories of ORAC scores by one way analysis of variance with Tukey's post hoc comparisons for quantitative variables and w 2 -tests for qualitative variables. Logistic regression was also performed for independent variables, which had been estimated as strongly affecting or clinically linked to hypertension, odds ratios (ORs) with 95% confidence intervals (CIs) were reported. The SBP 4140 mm Hg and the DBP 490 mm Hg were used as the cut-off of hypertension. ), vitamin/mineral supplementation (yes or no), blood-pressure-lowering drug (yes or no), lipid-lowering drug (yes or no) and total hypoglycemic medication. Model II included these variables plus energy (Kcal) and total protein intakes (g). Model III included variables in model II plus sodium intake (mg). Model IV included variables in model I plus energy (Kcal), red meat, fish, chicken, egg, low-fat dairy products and high-fat dairy products intakes.
RESULTS
Characteristics of type 2 diabetic patients according to quartile of total ORAC score are presented in Table 1 . Distribution of sex, age, duration of diabetes, current smokers and medications users across quartile categories of total ORAC did not differ. We identified that in comparison with the subjects in the lowest quartile of the total ORAC, those in the higher quartiles had higher intakes of energy, protein, carbohydrate, fiber and sodium, as well as higher intakes of all food groups, except processed meat, whole grain, refined grain, egg and sweet (P for trend was o0.0001 for all; Table 2 ).
We next evaluated the association in multiple logistic regression models. After adjustment for the homeostasis model assessment score, age, duration of diabetes, sex, smoking, physical activity, body mass index, vitamin/mineral supplementation, blood-pressure-lowering drug, lipid-lowering drug and total hypoglycemic medication, the odds of having hypertension among diabetic patients in the highest quartile of ORAC score was 44% lower than in the lowest quartile (model 1, 95% CI: 0.32-0.99; Table 3 ). The ORs of elevated SBP (4140 mm Hg) across increasing quartiles of the total ORAC score were 1.0, 0.71, 0.38 and 0.56 (P for trend ¼ 0.016). The ORs of elevated DBP (490 mm Hg) across increasing quartiles of the total ORAC score were 1.0, 0.59, 0.47 and 0.35 (P for trend ¼ 0.008). Further adjustment for energy, and protein intake (Model II) and sodium intake (Model III) slightly strengthened these associations. Finally, adjustment for intakes of red meat, fish, chicken, egg, low-fat dairy products and high-fat dairy products (Model IV) did not change the findings, and the association remained statistically significant. Multivariate ORs of elevated SBP across quartiles of TP score were 1.0, 0.83, 0.41 and 0.63 (P for trend ¼ 0.027) and for elevated DBP were 1.0, 0.50, 0.40 and 0.38 (P for trend ¼ 0.006). Further adjustment for energy and protein intake (Model II), sodium intake (Model III) and intakes of red meat, fish, chicken, egg, low-fat dairy products, high-fat dairy products (Model IV) did not change the results materially.
DISCUSSION
To our knowledge, this is the first study exploring the relations between dietary ORAC and blood pressure in type 2 diabetic patients. Despite patients in the higher quartiles of the total ORAC had higher intakes of energy, protein and sodium (P for trend was o0.0001 for all), interestingly, we observed that the risk of hypertension decreased in those diabetic patients as the total antioxidant intake increased, whereas controlling for other factors known to have an effect on blood pressure. Recent researches examining dietary strategies to lower blood pressure have focused on the effects of healthful dietary patterns, rather than on the benefits of specific nutrients or single foods. The Dietary Approaches to Stop Hypertension (DASH) diet emphasizes in fiber, fruits, vegetables and low-fat dairy products, and has been shown to be effective in treatment of hypertension in several well-designed clinical trials. [5] [6] [7] [8] 18 Mediterranean-style diet is characterized by high consumption of monounsaturated fatty acids, primarily from olives and olive oil, and encourages daily consumption of fruits, vegetables, whole grain cereals and low-fat dairy products; weekly consumption of fish, poultry, tree nuts and legumes; and relatively low consumption of red meat, approximately twice a month; as well as a moderate daily consumption of alcohol, normally with meals. 19 In clinical trials, current meta-analysis of the effect of the Mediterranean dietary pattern on blood pressure suggested the protective role of the Mediterranean diet on SBP ( À 2.35 mm Hg, 95% CI: À 3.51 to À 1.18) and DBP ( À 1.58 mm Hg, 95% CI: À 2.02 to À 1.13), whereas, metaanalysis of epidemiological studies was not significant. 19 In 5 observational studies with 15 535 participants included in the analysis, [20] [21] [22] [23] [24] overall, adherence to the Mediterranean-style diet was not associated with SBP levels, as compared with the control diet. With regard to DBP levels, no significant associations were observed in observational studies. 19 Although no specific nutrient is identified as the key element in blood pressure reduction, the antioxidant and anti-inflammatory effects of the foods included in the DASH and Mediterranean-style diets, specifically fruits and vegetables, could offer a possible mechanisms for the aforementioned findings. 9, 10, 20, [25] [26] [27] [28] Oxidative stress, which results in an excessive reactive oxygen species, has been related as a pivotal key to the pathogenesis of hypertension. 2 We observed that the total antioxidant capacity of the dietary intake, which summarizes the free-radical scavenging capacity of different food antioxidants, exerts an important and independent effect on blood pressure. An inverse relationship between plasma levels of vitamin C, and carotenoids and blood pressure has been observed. 29, 30 However, antioxidant supplements effects on blood pressure yielded inconsistent results. [31] [32] [33] [34] [35] [36] [37] A possible explanation may be that the health benefits are related by all antioxidants in fruits and vegetables. There are various antioxidants in fruits and vegetables, including several hundred carotenoids and phenolic compounds, for example, benzoic acid derivatives, flavonoids, proanthocyanidins, stilbenes, coumarins, lignans and lignins. 38 So, using various antioxidants with different chemical properties may be needed for appropriate protection against oxidative stress.
11,39
It is important to note that the Mediterranean dietary pattern is not homogeneous and the DASH diet instructions emphasize on including fruits and vegetables of all forms in their daily diets, whereas analysis of content of antioxidants in various food groups showed large variations in the content of antioxidants in different foods and food categories. These data showed that certain fruits, vegetables and nuts are good sources of dietary antioxidants. As foods rich in antioxidants have the ability to reduce blood pressure, the antioxidant food table can be used for dietary recommendations.
This study has several strengths. We measured known potential confounders, such as homeostasis model assessment score, physical activity, vitamin and mineral supplements, oral hypoglycemic agents, body mass index, duration of diabetes, age, smoking and sex, and were able to control them in our analyses. This study also had some limitations. We cannot infer causality because of the observational nature of our study. We assessed diet using a food-frequency questionnaire. Measurement errors may be introduced by the under-or over-reporting of the amounts of food groups usually eaten per day.
In conclusion, our findings suggest that total antioxidant derived from food consumption data assessed by the foodfrequency questionnaire was inversely associated with hypertension in type 2 diabetic patients. This study provided strong evidence that a diet high in antioxidant from vegetables, fruits, legumes and nuts may reduce the risk of hypertension.
What is known about this topic
Correlation between total dietary antioxidant capacity and blood pressure levels in type 2 diabetic patients.
What this study adds
Higher the antioxidant intake, lower the blood pressure.
For decreasing blood pressure, we should emphasize not only on total fruits, vegetables, legumes and nuts intakes, but also on fruits, vegetables, legumes and nuts with high antioxidant capacities. Table 3 . ), vitamin/mineral supplementation (yes or no), total hypoglycemic medication, blood-pressure-lowering drug (yes or no) lipid-owering drug (yes or no) and HOMA score. Model II included variables in model I plus energy intake (Kcal) and total protein intake (g). Model III included variables in model II plus sodium intake (mg). Model IV included variables in model I plus energy intake (Kcal), red meat, fish, chicken, egg, low-fat dairy products and high-fat dairy products.
